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Unusual clinical course

Trigeminocardiac reflex (TCR) is a unique brain stem reflex that manifests as the sudden onset of hemodynam-
ic perturbation in heart rate and blood pressure as a result of stimulation of any branches of the trigeminal
nerve. Onyx™ embolization in cerebrovascular interventional surgery can trigger TCR, leading to severe hemo-
dynamic fluctuations and even cardiac arrest. Appropriate prophylactic approaches to prevent Onyx™ emboli-
zation-induced TCR are still lacking.

We report the cases of 2 patients with recurrent and profound bradycardia due to TCR during endovascular
Onyx™ embolization for a dural arteriovenous fistula. Prophylactic intra-arterial injection of lidocaine (10-20 mg)
effectively and safely blocked the recurrence and potential occurrence of TCR. These 2 patients had reduced
heart rate with either hypotension or hypertension during their TCR episodes, suggesting that stimulating a
distinct cerebral artery (occipital artery versus vertebral artery branch) can initiate TCR by provoking the vagus
nerve via the common neuronal pathway while simultaneously inhibiting or exciting the sympathetic pathway.
Intra-arterial injection of lidocaine during endovascular procedures can be recommended as an effective pro-
phylactic approach for use in the treatment of the cerebrovascular disorder where there is high risk of embo-
lization-induced TCR.

Embolization, Therapeutic ¢ Injections, Intra-Arterial ¢ Lidocaine ¢ Reflex, Trigeminocardiac
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Background

Trigeminocardiac reflex (TCR) is an experimentally and clini-
cally well-established brainstem reflex that manifests as the
sudden onset of hemodynamic perturbation, defined as a
drop of heart rate and mean arterial blood pressure of at least
20% from the baseline upon the stimulation at any branches
of the trigeminal nerve [1]. TCR occurs in skull base surgery,
ophthalmic and dental surgery, trigeminal rhizolysis, and any
other procedures related to the stimulation of the trigeminal
nerve [2]. TCR generally occurs during endovascular emboli-
zation in the treatment of cerebrovascular disorders involving
intradural or dural pathology, especially dural arteriovenous
fistula (DAVF) [3]. Recently, Onyx™ endovascular embolization
therapy has been widely used for the treatment of DAVF [4].

Most of the TCR episodes are transient. However, there are in-
creasing concerns about the TCR generated by Onyx™ emboli-
zation in cerebrovascular interventional surgery as it can lead
to irreversible cerebrovascular accidents, neurological damage,
and even cause severe hemodynamic fluctuations and cardiac
arrest [5]. It is hard to predict the occurrence of TCR during en-
dovascular embolization in the treatment of the cerebrovascu-
lar disorder, and appropriate prophylactic approaches to pre-
vent embolization-induced TCR are still lacking. Here, we report
2 cases in which a TCR episode occurred during Onyx™ endo-
vascular embolization in DAVF, which was effectively and safe-
ly blocked by prophylactic intra-arterial injection of lidocaine.

Case Reports

Case 1

A 56-year-old man presented to the Neurosurgical Emergency
Department with sudden dizziness, convulsion, and loss of con-
sciousness. A computed tomography (CT) scan showed multi-
ple small hematomas in the right occipital parietal lobe, and
the symptoms improved after 2 weeks of symptomatic treat-
ment. Subsequent digital subtraction angiography (DSA) sug-
gested a right cavernous sinus DAVF (Borden type 1) with ar-
tery constituent of the right middle meningeal artery and the
branch of the occipital artery (Figure 1A).

The patient was previously healthy, with no history of hyper-
tension or heart disease, and required intravascular inter-
ventional embolization under general anesthesia. Anesthesia
was induced with no hemodynamic abnormalities and main-
tained by inhalational-intravenous anesthesia. The right fem-
oral artery was punctured, a 6 Fr Envoy guide catheter (Cordis
Endovascular, USA) was positioned in the proximal occipi-
tal artery, and angiography was performed. An Echelon 10
microcatheter (EV3, USA) was advanced over a Transcend
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microglidewire (EV3, USA) into the meningeal branch of the
occipital artery of the DAVF.

When the microcatheter was in a stable position, embolization
of the fistula was performed. With a few dimethyl sulfoxide
(DMSO) injections, the patient experienced bradycardia (the
heart rate decreased quickly from 61 bmp/min to 43 bmp/min),
followed by a drop of blood pressure from 113/59 mmHg to
96/49 mmHg. The injection was immediately paused and nor-
mal sinus rhythm returned spontaneously and quickly. The pa-
tient was then considered to have TCR. After the patient was
stabilized, 10 mg lidocaine was injected into the local arteri-
al and there is no hemodynamic response observed. After 2
min, a second DMSO injection was performed and there were
no more cardiac episodes during the subsequent procedure.

Further angiography revealed that the middle meningeal ar-
tery was also involved in the DAVF, so embolization was con-
tinued. In view of the risk of TCR and the potential effect of
lidocaine, after the catheter was in a stable position, 20 mg li-
docaine was injected into the artery fistula. DMSO and Onyx™
were subsequently serially injected without any abnormal he-
modynamic response. Proper angiographic occlusion of the fis-
tula was achieved and final angiography showed no thrombo-
embolic complications as a result of the procedure (Figure 1B).

The patient was extubated without any additional neurologi-
cal symptoms, and was transported to the Neurocritical Care
Unit for recovery. There was no postoperative hemodynam-
ic instability and the patient was discharged on the third day.

Case 2

A 57-year-old man was admitted with ongoing dizziness and
headaches. Magnetic resonance imaging (MRI) showed multi-
ple cerebrovascular stenosis and a DAVF (Borden type 1) with
bilateral vertebral artery branches involved. The patient was
otherwise well, with no significant cardiac history and ECG re-
sults were normal. He elected to proceed with endovascular
treatment of the fistula under general anesthesia.

Considering the high risk of TCR in embolization of the vertebral
artery branch and the success of prophylactic lidocaine to pre-
vent TCR in case 1, we recommended that the neurosurgeons
administer a local intravascular injection of lidocaine before
embolization. He was injected with 10 mg lidocaine into the
right vertebral artery branch (Figure 2A). The hemodynamics
were stable and no TCR was observed during the entire embo-
lization (Figure 2B). To confirm the specificity of the effect of
lidocaine on TCR, lidocaine was not injected before left verte-
bral artery branch embolization (Figure 2C). During injection
of 0.5 ml DMSO, the patient had a TCR episode in which the
heart rate quickly dropped from 68 bmp/min to 46 bmp/min,
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Figure 1. (A, B) The DSA images in case 1. The yellow arrows indicate the DAVF site, and the blue arrows indicate the feeding artery.
The DAVF was supplied by the branches of the middle meningeal artery and occipital artery.

and, as unexpected, was followed by increased blood pressure
from 122/73 mmHg to 155/84 mmHg. The injection was imme-
diately paused, and the heart rate and blood pressure gradu-
ally returned to normal levels within 2 min. Subsequently, 10
mg lidocaine was injected intra-arterially, and there was no
similar fashion occurred during DMSO reinjection and the fol-
lowing embolization procedure (Figure 2D).

The patient awoke well, but muscle strength of the left limb
was decreased slightly compared with that before surgery; the
condition was considered to be related to multiple cerebro-
vascular stenoses before surgery and the perioperative vaso-
spasm. After 3 days of vasodilator therapy, the patient’s muscle
strength of the left limb was mostly restored without obvious
sequelae, and he was discharged on the fifth day.

Discussion

We report 2 cases of TCR during endovascular Onyx™ embo-
lization for DAVF. During the operations, the circulation was
stable before DMSO injection. Upon the endovascular injec-
tion of DMSO, the heart rate immediately decreased by >20%,
a distinguishing feature of TCR episodes. These 2 cases both
presented a sudden decreased heart rate by >20% and the
normal sinus rhythm quickly returned when DMSO injections
were stopped. However, blood pressure changed slightly in
both cases, which is not typical for TCR. We always closely
monitored the patient’s vital signs during endovascular embo-
lization for dural arteriovenous fistula to avoid potential TCR-
induced severe hemodynamic fluctuations and even cardiac
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arrest. Therefore, once the decreased heart rate occurred fol-
lowing endovascular embolization, we always immediately tell
the neurosurgeons and let them stop the injection prompt-
ly. This might be the reason why there was less alteration of
blood pressure following a decreased heart rate and then lack
of the typical presentation of TCR in these 2 patients.

In both cases, there were 2 artery vessels linking to each le-
sion site. DMSO injection into one of these 2 vessels caused
TCR, and 10-20 mg lidocaine injection prevented TCR recur-
rence. Consistently, serving as a self-control test, prophylac-
tic injection of lidocaine into the other vessel did not cause
TCR. Therefore, local intravascular injection of a small dose of
lidocaine can effectively inhibit TCR caused by cerebrovascu-
lar embolization. We found that 10-20 mg lidocaine injection
into the cerebral artery effectively inhibited TCR incidence
without adverse effects on the central nervous system, dem-
onstrating that the prophylactic application of low-dose lido-
caine is safe and effective. Our present results are consistent
with a recently published case report [6] that 5 mg lidocaine
could prevent TCR during endovascular treatment of a carot-
id-cavernous fistula.

The physiological mechanism of TCR is that signals triggered
by either peripheral or central stimulation are sent to the sen-
sory nucleus of the trigeminal nerve, and then along the short
internuncial nerve fibers in the reticular formation, relayed to
the efferent pathway in the motor nucleus of the vagus nerve
and nucleus ambiguous. The fibers of the vagus or sympathet-
ic nerves end in the myocardium, leading to autonomic chang-
es that usually manifest as a negative chronotropy [7]. The

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Figure 2. The DSA images in case 2. The DAVF was supplied by bilateral vertebral artery branches: the right (A, B) and left one (C, D).
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A and C were pre-embolization, but B and D were post-embolization. The yellow arrows indicate the DAVF site, and the blue

arrows indicate the feeding artery.

dura mater is innervated in part by branches of the trigemi-
nal nerve and receives vascular supply from the meningeal ar-
tery and meningeal branches of the occipital artery [8]. These
vessels are mostly involved in the blood supply to the sensory
area of the trigeminal nerve. Hence, embolization with Onyx™
or DMSO inside these vessels can mechanically or chemically
stimulate the trigeminal nerve and cause a TCR.

There are 2 major subtypes of peripheral or central TCR.
Peripheral stimulation of the trigeminal nerve co-actives vagal
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and sympathetic nerves, resulting in both hypertension (periph-
eral vasoconstriction) and bradycardia [9]. By contrast, central
stimulation causes hypotension and bradycardia by generat-
ing profound activation of the cardiac vagal branch and dis-
tinct inhibition of the inferior cardiac sympathetic nerve [10].
In this report, we observed 2 patients who presented reduced
heart rate accompanied by either hypotension (case 1) or hy-
pertension (case 2), suggesting that central stimulation from
chemical agents at distinct cerebrovascular embolization sites
might share a common efferent pathway for vagus activation,
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Figure 3. Schematic illustration of the autonomic neural
pathways and effectors activated as a consequence
of trigeminal nerve stimulation trigged either by
peripheral signals from ophthalmic, maxillary, and
mandibular branches or central cerebral vascular
stimulus (figure modified from Buchholz’s publication
[18]). The central TCR, which was stimulated by DMSO/
Onyx injection in the central vessel, induces a strong
depressive response by a reciprocal activation of the
parasympathetic system and an inhibition of the
sympathetic system (red symbols). The peripheral TCR,
which was stimulated by DMSO/Onyx injection in the
peripheral vessels, involves simultaneous co-activation
of both autonomic limbs (blue symbols).

but inhibit or promote the effect on the efferent sympathet-
ic pathway (Figure 3).

In these 2 cases, the surgical procedures stimulated extratri-
geminal nerve anastomosis, resulting in the decreased heart
rate as the first sign of hemodynamic parameter change.
According to the new TCR classification [11], the extratrigem-
inocardiac reflex is classified as type IV reflex, while the TCR
with the heart rate being the first changing parameter is la-
beled as class A reflex. Therefore, the 2 TCR reflex in the pres-
ent report could be classified as type IVA reflex.
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Currently, preventive measures for TCR mainly include the use of
anticholinergic drugs and local nerve blocks [12]. However, there is
concern that preemptive administration of anticholinergics for the
prevention of TCR may be ineffective [13]. Bradycardia and hypo-
tension in TCR could result from both excessive vagal activation
and inhibition of adrenergic vaso-constriction, as observed after
electrical stimulation of the spinal trigeminal tract and trigemi-
nal nuclear complex [14]. Atropine can only block the cholinergic
fibers, and cannot completely prevent bradycardia or hypoten-
sion. In addition, atropine carries a risk of refractory arrhythmia,
so prophylactic use is not recommended [15]. Local anesthetic in-
filtration or block of the nerve(s) involved in the afferent neuro-
nal pathway may accomplish a prophylaxis of the peripheral TCR.
Nevertheless, nerve block is complex and may increase the risk
of intracranial hemorrhage and infection during cerebrovascular
interventional surgery. Intraoperative application of topical lido-
caine is successfully used to prevent TCR recurrence in trigeminal
nerve microvascular decompression [16]. However, topical anes-
thesia is not applicable for the TCR caused by mechanical stimu-
lation of the trigeminal nerve during Onyx™ embolization since it
is an interventional vascular procedure rather than open surgery.

Based on the knowledge that local intravenous injection of lido-
caine can effectively prevent injection pain, we extrapolated it
to the intra-arterial injection for cerebrovascular embolization
surgery and expect to block both trigeminal nerve-activation
and nerve-vascular communication. Indeed, lidocaine, as a pre-
vailing voltage-gated sodium channel blocker [17], is capable
of inhibiting the generation of action potential on the trigem-
inal nerve by acting on the afferent sensory nerve ending at-
tached to the local vascular vessels and endothelial cells, thus
acting as an endovascular anesthesia. Furthermore, lidocaine
easily passes the blood-brain barrier; local injection of lidocaine
might infuse into the perivascular tissues to block the trigemi-
nal nerve branch, producing the effect of regional anesthesia.

Conclusions

Injection of 10-20 mg of intra-arterial lidocaine through an in-
dwelling catheter not only blocked the recurrence of TCR, but
also prophylactically prevented the potential occurrence of TCR,
with no adverse effects in these 2 cases. Injection of intra-ar-
terial lidocaine during endovascular procedures could be rec-
ommended as an effective prophylactic approach for use in the
treatment of the cerebrovascular disorder where the emboliza-
tion-induced TCR is too high-risk. To prove intra-arterial lidocaine
injection feasible in the treatment of TCR, a large cohort study
is unquestionably required to further explore the safety and ef-
fectiveness of this technique. Moreover, further detailed clas-
sification of subtype of central TCR might help neurosurgeons
to predict its onset and severity and to use proper prophylac-
tic approaches, including intra-arterial lidocaine administration.
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